Background: Two genome-wide association studies (GWASs) identified LINC00673 rs11655237 was associated with susceptibility to pancreatic cancer. Methods: To investigate the association between LINC00673 polymorphisms and gastric cancer (GC) risk, and the impact of gene-environmental interaction on GC risk, we conducted this case-control study in a Chinese population. Results: We found rs11655237 significantly increased susceptibility of GC in the Chinese population (OR=1.29; 95% CI=1.12-1.48; P=4.1×10 ), and a significant interaction was found between rs11655237 and Helicobacter pylori infection (P=0.006). Expression of LINC00673 was significantly higher in adjacent normal tissues than in paired cancer tissues (P<0.001) and significantly lower in the cancer or paired adjacent normal tissues of GC patients with rs11655237 allele A than in those with rs11655237 allele G (P<0.001). Mechanism exploration found that, the construct with the rs11655237[A] allele had significantly reduced luciferase activity in the presence of miR-1231, and this effect could be completely rescued when miR-1231 inhibitor was present. Conclusion: Our results indicate that LINC00673 rs11655237 is associated with an increased GC risk, possibly by down-regulating LINC00673 expression through creating a miR-1231 binding site.
Introduction
Gastric cancer (GC) is one of the most common cancer worldwide. 1, 2 There are 498,000 new cases and 679,100 deaths from GC annually. 3 However, the true mechanism of gastric cancer is still unclear. Helicobacter pylori (HP) infection is undoubtedly an important risk factor for gastric cancer. 4 However, studies indicated that only a small percentage of infected patients would finally develop into GC. 5, 6 In this regard, several reports indicated that tumor angiogenesis of GC is controlled by numerous factors, including the regulation of many long non-coding RNAs (lncRNAs). [7] [8] [9] [10] [11] Recently, lncRNAs and their variants has been widely explored for its role in the development and prognosis of many tumors, including pancreatic cancer, GC, non-small cell lung cancer, breast cancer, tongue squamous cell carcinoma, and so on. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] For GC, genetic variants of multiple lncrnas, eg, HOTAIR, H19, PTENP1 and GAS5, were identified to be associated with its carcinogenesis.
Recently, LINC00673 rs11655237 was first identified to be associated with susceptibility to pancreatic cancer by a genome-wide association study (GWAS) from North America, Central Europe and Australia. 28 Furthermore,
another Chinese GWAS by Zheng et al 15 replicated the findings in a Chinese population, and found that rs11655237 created a miR-1231 binding site and interferes with PTPN11 degradation. Zhang et al 29 verified that the LINC00673 rs11655237 might be associated with neuroblastoma susceptibility. However, the role of functional polymorphisms of lncRNA LINC00673 within the context of GC had not been reported yet. In this study, rs11655237, together with 3 SNPs located in LINC00673 (rs6501551, rs857510, and rs9914618) with RegulomeDB score <3 were selected as the tagSNPs. We explored their associations with susceptibility of GC, and the possible mechanism.
Methods

Study population
We totally included 1392 GC cases and 1,364 healthy controls with the HP infection status in this study. All patients were newly diagnosed incident GC cases and histopathologically confirmed. All participants had no previous history of tumors or history of blood transfusion in the three month prior to surgery resection. The healthy controls were randomly selected during the same time period as the case study from healthy individuals with no history of cancer. Frequency matching of controls to cases was used in the design of this study. Demographic information was obtained from all participants during research interviews using a structured questionnaire. The clinical characteristics of patients were obtained from the electronic medical records. The study was approved by the institutional review board of Liyuan Hospital, and each subject signed an informed consent. The study was conducted in accordance with the Declaration of Helsinki.
SNP selection and genotyping
SNP rs11655237, together with 3 SNPs located in LINC00673 (rs6501551, rs857510, and rs9914618) with RegulomeDB score <3 were selected as the tagSNPs using SNPinfo. 30, 31 The genotypes of SNPs were determined by TaqMan allelic discrimination methods. The random 10% of samples were repeatedly genotyped and the results were 100% concordant.
HP serum detection
The HP infection of all participants were detected with a commercial HP testing kit (Shenzhen, China) according to the suggested procedures, which were validated in the Chinese populations with a sensitivity and specificity of more than 99% for the detection of HP infection. . Cells were collected 24 h after transfection, and Renilla luciferase activity was detected and used to normalize firefly luciferase activity.
Quantitative RT-PCR
Total RNAs were isolated using Trizol method and reverse transcribed to cDNA, and subjected for quantitative RT-PCR. The primers of LINC00673 were sense TCCACCCTGGTCTTCTCCTGTAAC and reverse GGTTCAAAGCACCCACCGAGT. The primers for miR-1231 were sense ACAGTCGTGTCTGGGCGGA and the reverse GTGCAGGGTCCGAGGTATTC. The relative normalized quantity of LINC00673 expression was calculated using the 2 −ΔΔCT algorithm, with GAPDH employed as an internal control.
Statistical analysis
Demographic characteristics between cases and controls were analyzed using Chi-square test, and differences in continuous variables were tested by Student t-test. HardyWeinberg equilibrium (HWE) among the controls was tested using a goodness-of-fit χ 2 test. Unconditional logistic regression model was conducted to calculate odds ratios (ORs) and their 95% confidence internals (CIs) of the association between the SNP and GC risk. All statistical tests were twosided and conducted using Statistical Program for Social Sciences (SPSS 17.0, Chicago, IL, USA). A two-side P-value of <0.05 was considered as statistically significant.
Results
Population characteristics
As shown in Table 1 , there were no statistically significant differences in age, gender, body mass index (BMI), waist-hip-ratio (WHR). However, compared with the control group, we found the case group have high percentage of HP infection, family history of cancers and drinkers (P<0.001).
Association studies of LINC00673 gene polymorphisms and GC risk
As shown in Table 2 , the genotype frequencies of the four tagSNPs (rs11655237, rs6501551, rs857510, and rs9914618) among the controls were all in accordance with HWE (P>0.05). We found rs11655237 was significantly associated with susceptibility of GC (OR=1.29; 95% CI=1.12-1.48; Relative expression of LINC00673 in gastric tissues Then, we examined expression level of LINC00673 and the potential effect of rs11655237 in 94 randomized selected GC tissues and adjacent normal tissues ( Figure 1) . Among all the pairs of GC patients, the expression levels of lncRNA LINC00673 in GC tissues were significantly lower than those in the corresponding normal tissues (P<0.001). And the results showed that individuals with the GG genotype of rs11655237 had significantly higher LINC00673 levels than those with the GA or AA genotype (P<0.001). However, the expression level of miR-1231 showed no difference in the GC tissues (Figure 2 , P=0.793).
Mechanism exploration of rs11655237 affecting function of LINC00673
We investigated whether interaction between miR-1231 and LINC00673 existed in a LINC00673 variant-specific manner in BGC-803 cells. As shown in Figure 3 , luciferase reporter assays showed that, in comparison to the construct with the rs11655237[G] allele, the construct with the rs11655237[A] allele had significantly reduced luciferase activity in the presence of miR-1231, and this effect could be completely rescued when miR-1231 inhibitor was present. We also found no difference for the expression of miR-1231 in BGC-803 cell line with different alleles of rs11655237 (Figure 4 , P=0.821). These indicated that LINC00673 rs11655237 [A] is a target of miR-1231.
Discussion
To the best of our knowledge, this should be the first study aiming to evaluate the function of variants of lncRNA LINC00673 on the GC carcinogenesis. We found that rs11655237 was significantly associated with GC susceptibility; and a significant interaction between rs11655237 and HP infection was detected for GC risk. RT-PCR showed that LncRNA LINC00673 was down-regulated in GC tissues, and allele A of rs11655237 could significantly decrease the expression level of LINC00673. This was possibly caused by down-regulating LINC00673 expression through creating a miR-1231 binding site. These results highlight an important functional interaction between lncRNAs and miRNAs in the process of GC carcinogenesis.
In In current study, we found LINC00673 rs11655237 is associated with an increased GC risk, which was consistent with the findings in other cancers. 15, 28, 29 Besides, we also detected a significant interaction between rs11655237 and HP infection. Compared with those with AG or AA genotype, carriers of GG genotype are more likely to be infected with HP. HP infection is an important risk factor for gastric cancer. Previous studies have identified HP infection could interacted with genetic polymorphisms in carcinogenesis process, through inflammatory signaling, inflammasome formation and autophagy. [36] [37] [38] Further, to elucidate biological function of lncRNA LINC00673 and its variant-rs11655237 on GC carcinogenesis, we investigated the association of the rs11655237 genotype with LINC00673 expression in GC and adjacent normal tissues. We found the expression levels of lncRNA LINC00673 in GC tissues were significantly lower than those in the corresponding normal tissues, and allele A of rs11655237 could significantly decrease the expression level of LINC00673. These results indicate that LINC00673 might be a tumor suppressor in GC while rs11655237 A allele suppresses the transcription of lncRNA LINC00673. The G>A mutation at rs11655237 was predicted to change the local folding structures and free energy of lncRNA LINC00673. 15, 39 Additionally, LINC00673 rs11655237[A] has been identified as a target of miR-1231 in in both BXPC-3 and CFPAC-1 cells. 15 In this study, we also tested whether interaction between miR-1231 and LINC00673 existed in a LINC00673 variant-specific manner in BGC-803 cells, and we confirmed that LINC00673 rs11655237 [A] was also a target of miR-1231 in GC cell line. Taking together, these results indicate that miR-1231 is an inhibitor of LINC00673[A] but not LINC00673 [G] . Conclusively, the present study investigated the association of LINC00673 rs11655237 with GC risk, and its interaction with HP infection. We identified LINC00673 rs11655237 significantly increased susceptibility of GC in the Chinese population, possibly by down-regulating LINC00673 expression through creating a miR-1231 binding site. Follow-up studies, including functional studies, are needed to fully understand the importance of LINC00673 and its variants in GC risk.
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